S chool restructuring won't help teachers teach better or students learn more -until teachers experience learning opportunities that support change efforts. A new study of six groups of teachers involved in collaborative learning shows what suppor t teachers need to be able to teach differently and help students gain a deeper understanding of math and science.
The research study followed six volunteer teacher-research groups (called "design collaboratives") sponsored by the National Center for Improving Student Learning and Achievement in Mathematics and Science (Gamoran et al., 2003) . In some cases, only a few teachers in the school participated, while in others nearly all teachers in the school (or department) took part.
At each site, researchers from a local university or institute met monthly or bimonthly with teachers to discuss teaching students to think about math and science in ways that led to deeper understanding. The meetings continued for periods from 18 months to four years or more, with one group never really getting off the ground and several ongoing today. Professional development in these sessions was not experts telling teachers what to do. In fact, what fe a t u re/ RESEARCH Teachers learn with professional development that centers on student thinking about math and science ideas.
What are they thinking?
teachers should do in their classrooms was not the main focus of teacher learning. Instead, professional learning centered on examining student thinking about powerful mathematical and scientific ideas.
The design collaboratives scrutinized students' written work, read scholarly works on student thinking, and collaborated with colleagues and researchers to document student thinking about mathematics and science. Teachers and researchers also watched videotapes of peer teachers teaching, discussing what worked and why. The teachers learned more about how students were thinking as students responded to instruction, and the group reflected on whether teachers' responses to students helped further students' understanding. Some groups continued this work in summer workshops of a week or longer. Through these activities, teachers focused more on student thinking and took student thinking into account in planning for and assessing the results of their instruction.
Many teachers' practices were transformed. As one suburban elementary teacher noted in an interview, "(My classroom has) much more of a questioning atmosphere right now, whereas before we might read for information or it was more the teacher talking. ... (My students) have seen insects, they've lived with them, they've been curious about them for a long time -and so I'm finding out what they already know about insects, and then we go from there."
Another said, "I listen more to what kids say. Before I used to say, 'Here is a way.'... But (the project) has taught me to listen more to the kids ... (and) have kids explain themselves much better. Today we were just doing some review things and I said, 'Well, I don't see your thinking trail. I don't know what you did here.' And before I would have accepted an answer, (but) now I don't do that. ... It is not only helping me look at how kids think, but it is making the kids explain their thinking or show it some way. I have changed a lot."
CAPACITY FOR CHANGE
Some of the design collaboratives went further than others in helping teachers teach for understanding. What we term teaching for understanding means:
• Focusing on student thinking to guide instruction. Ask, "What knowledge do students bring with them to the classroom? What do students understand about the curricular material?" Teachers make instructional decisions based on these concerns.
• Emphasizing powerful ideas in mathematics and science. Teachers help students use the language and practices of mathematicians and scientists and help them develop standards for offering and assessing explanations and arguments.
• Creating equitable opportunities for student learning. Teachers recognize and draw on students' varied backgrounds and experiences, allowing all students opportunities to participate fully in classroom instruction.
The schools that were more successful in having teachers teach for understanding provided more support for those teachers. Extensive observations and interviews showed that support for learning communities, new approaches to leadership, and allocating resources in response to teachers' needs provided a context for meaningful and sustained change.
LEARNING COMMUNITIES
Five of the six design collaboratives we observed established active learning communities of teachers and researchers. The sixth, in an urban Tennessee district, was unable to move from planning to practice because the goal of the teachers and researchers -to focus on student reasoning in a statistics unit -was incompatible with the district curriculum. The curriculum centered on specific, measurable goals and required teachers to follow closely a prescribed sequence of instruction and testing. This left no room for teachers to pursue particular topics in greater depth.
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Sites in the research project

• Four elementary schools in a suburban
Wisconsin district, in which teachers focused on modeling in mathematics and science.
• An urban elementary site in Massachusetts that included teachers from four schools, with a focus on teaching science for understanding to bilingual students.
• A suburban middle school in Wisconsin, where teachers reorganized the mathematics curriculum to integrate algebraic concepts throughout the middle grades.
• An urban middle school site in Tennessee, where researchers and teachers considered a statistics unit that emphasized in-depth understanding.
• A Wisconsin suburban high school in which teacher-researcher collaboration focused on an integrated science program that emphasizes student understanding.
• An urban high school in Wisconsin where teachers and researchers explored student thinking about algebra. "families," smaller groups of teachers and students, in an effort to create more personal bonds. However, the division into families resulted in fragmented departmental relationships among teachers. Combined with divisions in the school between bilingual and monolingual teachers, the organization prevented cross-school ties that would have made it possible to sustain professional learning. At the other sites, the design collaboratives allowed teachers to improve their knowledge and skills over a sustained period of time. At a Wisconsin suburban elementary collaborative, for example, student work was part of almost every group meeting. Teachers examined student work together and gained insights into what students were thinking and how their thinking was changing in response to classroom activities.
This conversation took place among teachers, researchers, and the principal of a Wisconsin elementary school who were discussing student work samples from a graphing exercise:
Principal: "What else does (the child who drew graph) A know?"
Teacher 1: "They know that there are two (quantities) that they're looking at."
Principal: "I would say there is an ability to estimate, to translate number into spatial quality."
Teacher 2: "They know that color can represent the two parts."
Teacher 1: "It might show they are aware that circles are a commonlyused part of a display."
Teacher 2: "You mean they have a schema for a pie graph?"
Teacher 1: "That would depend on whether the instructions included 'use a circle to show it.' " Teacher 2: "It's a little more difficult than a bar graph."
Teacher 1: "I think what's interesting about this process is it requires you to be explicit about things you might not even think are important. For example, it's apparent that they know (the concepts of) more and less. And they didn't draw an irregular line across the circle, they drew a straight line."
Over time, the process of working together engendered cohesiveness within the design collaborative, as these field notes from a Wisconsin professional development day reflect:
"For most of this period, I (the observer) sat with the small group of Gloria, Sara, and Anita (Sara was a many-year veteran and Anita and Gloria were in their second year with the project.). ...Their kids had done some problems for which they had received, on a piece of paper, a drawing of a jack-o'-lantern which included two eyes, one nose, and four holes for a mouth. The kids were supposed to figure out how many eyes, noses, and mouth holes there would be if there were three, five, or 13 jack-o'-lanterns. ... In discussion with the small group it emerged that Sara had a lot more information about children's thinking than the other teachers because she had interviewed the children. Sara explained that she carried out this exercise by taking kids into small groups of six at a time while the other two-thirds of her class were with the teacher's aide. ... Sara was clearly a resource for the other teachers. She was advising them on whom to use the sheets with, for example. ... Sara also takes advice. She asked about 1st graders since some of the other teachers had more experience teaching 1st graders than she did and she was teaching 1st grade this year." Sara and her fellow teachers were figuring out what the children were thinking as they responded to the exercise. They listened to one another and shared thoughts and experiences. Not every small group activity that occurred in this professional development group had such a high level of engagement, but the research team observed interaction like this regularly.
These teachers' professional learning experiences were creating relationships and helping build the elements of a professional community, defined by Fred M. Newmann (1996):
• They showed a shared sense of purpose in their attention to student Creating a supportive context W hat can schools do to support teacher change? The challenge is not an easy one because most schools are organized to support the teaching that is already in place rather than new approaches such as teaching for understanding. Our research (Gamoran et al., 2003) , however, suggests several steps schools can take:
• Schools and districts need to be responsive to teacher initiatives. Rather than organizing a school in which authority figures (e.g. principals, curriculum coordinators) set policies and directives, responsive districts allow teachers to develop new directions on their own and with help from outside experts.
• Schools can provide resources that both stimulate and respond to high-quality staff development. Our findings suggest the most important material resource was time for teachers to meet together. Several sites provided meeting time during the school day; others used a combination of paid afterschool time and professional learning days to offer opportunities for coherent, sustained professional learning focused on one or two subject areas.
• Schools and districts can rethink leadership as an activity distributed among a variety of individuals, rather than concentrated in the hands of those in positions of authority. In the cases we observed, teachers had opportunities to take charge of their own learning, and this had an important positive impact on the quality of professional learning. Responsive administrators recast their own roles as facilitative rather than directive. thinking;
• They focused collectively on student learning, as opposed to teachers' more common conversations about administrative details and managing student behavior;
• They collaborated on ways to improve their students' understanding of mathematics, in contrast to teachers' usual practice of working in isolation;
• They engaged in reflective dialogue, a conversation about the nature and practice of teaching;
• They made their own teaching practices public, instead of keeping their practice private and confined within the classroom.
LEADERSHIP
Leadership from administrators, teachers, and researchers was essential for the success of the design collaboratives. Teachers valued administrators who did not block their initiatives. Although teachers did not always recognize it, principals who supported professional growth did more than just get out of the way. They provided opportunities for teachers to play leadership roles, allocated resources in response to teachers' needs, and helped establish productive relationships among school staff.
As one administrator explained, "You go into administration with the idea that you'll be able to control and have an effect on what happens with that school. And the biggest lesson for me in all of this is the best way to control it is ... you stand on the sidelines and you say, 'That's great! Good job! Would you like to try this next? Here's something else you can do. Did you know so-and-so was doing this?' as opposed to saying, 'This is how it's going to be done. You've got until Friday to turn this in.' That way doesn't work. If you want people to behave as professionals, you have to treat them as professionals. And that means they make the majority of the decisions and they listen to each other, work things out."
This administrator helped nurture a community of professionals among her teaching staff. She led by creating linkages rather than by directing activity.
For supportive principals, the key The teachers say . . . A t the six sites, our research team interviewed participating teachers as well as school and district administrator, sur veyed teachers in the schools at which the participants were teaching, and observed professional development seminars and workshops. Altogether, the researchers conducted about 150 interviews, collected about 500 surveys, and observed more than 100 professional development sessions. These comments from teachers involved in design collaboratives show how their practices changed as a result of their involvement:
• "Due to my participation in the project, now I am more conscientious. I think that I pay more attention to the individual differences of the students. Now, each student follows his or her own rhythm of learning."
-Massachusetts urban elementary teacher
• "I use the science to give me a reason to teach the math and try to find problems in the real world for the kids to solve, instead of just problems on a page. Real-life math, I guess you would call it." -Wisconsin suburban elementary teacher
• "My classroom conversations about math and science previously ... were teacher directed and short, and now they're much lengthier, they're more kid-friendly, they are documented on chart paper so we can refer back to them to see if predictions come true. ... My questioning has improved because of the people that I've been allowed to ... collaborate with, and with improved questions, the kids of course are more interested and then can take ownership... If anybody from my classroom six years ago came into my classroom today, they wouldn't recognize it." -Wisconsin suburban elementary teacher
• "In the past I would be much more, 'This is the way you do it, now practice this out of the book. And the book has your grade,' without a lot of discussion time to share ideas in small groups or within the class." -Wisconsin suburban middle school teacher
• "I think that the (design collaborative) group has made me more aware of different ways of teaching science rather than giving all information and expecting kids to learn it, know it, be tested on it. However, we also observed that formal leadership positions are necessary to carry out the management tasks that keep teacher learning ongoing: scheduling workshops, setting tentative agendas, maintaining contacts with outside experts, and so on. In the Wisconsin suburban district, administrators paid a teacher to organize the ongoing professional development group of elementary teachers. This case provided the clearest evidence of sustained teacher growth, lasting at least two years beyond the involvement of researchers who originally organized the group. Teacher-leaders emerged over time, and school and district administrators provided tangible support for this leadership.
RESOURCES
The teachers we interviewed said time to meet with colleagues was the most precious tangible resource they received to support their development. Providing time for teachers to meet is essential, but it incurs financial costs. Our research shows, however, that this investment of economic resources pays dividends for the future in the form of human resourcesnew knowledge, skills, and commitments among teachers -and social resources -relationships of trust and collaboration among teachers that provide moral and intellectual support for ongoing change. The story of Sara and her colleagues illustrates how teachers learn from one another and how the collaborative norms that develop in their community set the stage for future sharing and learning.
CONCLUSION
Years of school restructuring have led to disappointing results in many schools, because reformers mistakenly believe that changing structure -the array of roles, rules, and responsibilities in school systems -will induce teachers to teach better and students to learn more. Major studies of school restructuring show this strategy cannot succeed without focusing on teacher learning -professional learning opportunities in a supportive context (Elmore, Peterson, & McCarthey, 1996; Newmann, 1996) .
Often teachers want to learn new ideas and approaches to improve their teaching, but they are blocked by structural constraints. They lack time to meet and collaborate with colleagues; they are isolated from other teachers; competing programs and conflicting responsibilities vie for their attention; and their professional learning opportunities are fragmented and inconsistent rather than sustained and coherent (Fullan, 2001) .
Our study of six cases of teacherresearcher collaboration shows that, consistent with the NSDC context standards (NSDC, 2001) , learning communities, leadership, and resources are the keys to providing a supportive context for teacher development.
What can schools do better to support teachers' efforts to change their own practice? The NSDC context standards (NSDC, 2001 ) sum up the answer:
• Organize adults into learning communities whose goals are aligned with those of the school and district. (Learning communities)
• Offer skillful school and district leaders who guide continuous instructional improvement. (Leadership)
• Provide resources to support adult learning and collaboration.
(Resources)
Our research shows these conditions are needed to support teachers' commitment to change (see Gamoran et al., 2003 , for more details). Although teacher collaboration has a cost, by making this financial investment, schools and district leaders can reap the human and social benefits that result from high-quality professional development.
